Investigation and operation of devices based on nonlinear interaction of high-intensity waves have been carried out for several decades. However, it is still a new tool to study the properties of the water environment and especially the upper layers of the seabed. This paper describes the results of tests of the new device that is intended to be applied for sounding underwater areas. The device has been designed and built in collaboration with the Department of Ultrasound of the Institute of Fundamental Scientic Researches of the Polish Academy of Sciences in Warsaw.
Introduction
The use of devices to sound the seabed called subbottom prolers provides opportunities for acoustic waves penetration at a depth of tens of meters into the bottom [1] [2] [3] [4] . Such possibilities are represented only by the waves with a relatively low frequency up to a maximum of 20 kHz. Because using conventional methods to produce waves with frequency of a few kHz requires a very large transducer with a large capacity power transmission system as well as due to the poor directivity of the transmitting antenna, the traditional solutions seem to be technically inecient [5] .
This technological gap is lled by devices based on the parametric generation of waves theoretically initiated by Westerwelt [6] , Khokhlow, Zakolotska [7] and Kuzniecov [8] . It has been proven [9] that in the area of propagation of two collinear acoustic beams modules of wave vectors of which are slightly dierent there is the dierence frequency wave formed characterized by the angular
where ω 1 , ω 2 are angular frequencies of primary waves, that has almost the same features as the so-called primary waves, i.e. high directivity and spatial resolution [10] . Because source of the wave is a nite volume environment (area of mutual impact of the primary waves) rather than the surface, beam pattern of the wave does not have side lobes [11] .
The theory of dierential wave parametric generation is complex, and in this particular case it does not seem * corresponding author; e-mail: g.grelowska@amw.gdynia.pl necessary to be quoted. Therefore to describe the amplitude of the wave frequency of which is equal to dierence and sum of frequencies of primary waves, there is given only the relation as a result of solutions of Burgers equation of the form [9] (valid for ω 1 > ω 2 ):
where x is the axis perpendicular to the entire radiating area, p 01 is the amplitude of the primary wave with angular frequency ω 1 , p 02 is the amplitude of the primary wave of angular frequency ω 2 , ρ 0 is the density of the undisturbed environment, c 0 is the wave velocity in the undisturbed environment, ε is the nonlinear coecient, a dimensionless value, for water equaling about 3.5, and τ is the time.
It should be emphasized while analyzing the relation (2) that for case ω 1 → ω 2 , the value p 2 (x, τ ) → 0. This is an important limitation of use the parametric generation of acoustic waves.
Results of comparison of the changes in the amplitude of the primary wave and dierential wave (for plane waves) [11] are shown in Fig. 1 .
Measuring set up
The new parametric antenna has been investigated in order to provide its operation characteristics. The rst point of the study was to measure the directional char- The station to measure directivity characteristics ( Fig.   3 ) can be divided into two main blocks: (a) the antenna mount and (b) the measurement section.
a) The antenna mount assures:
• Adjustment of depth of immersion of the antenna to set it in the middle of the depth. Such facility allows for elimination of reverberations coming from water tank bottom and surface of water. Changing depth was realized by blocking sliding element on the proper level with accuracy of one millimeter.
• In order to observe changes of dierential sounding pulse, it was necessary to lter signal from hydrophone or receiving transducer built in the parametric antenna.
Filtering was realized with the use of the band pass lter.
Later, when antenna will be used in natural sea condition [12, 13] it should be processed to get an adequate image of the structure of the seabed [14] [15] [16] . The same notebook, which was working with osciloscope, was also used to send commands to the positioning system ISEL. Figure   5 shows the schematic diagram of connections between sensors and measurement units. Additional results conrm correct preparation of the measuring set up that allowed for obtaining the presented directivity characteristics during the research.
